We previously reported the occurrence of Vibrio parahaemolyticus in patients and the environment in the Pacific Northwest. The present studies compare the biochemical characteristics, Kanagawa hemolysin reactions, and plasmid profiles of 13 patient and 221 environmental isolates of the organism. Classical biochemical testing of the isolates revealed similar reactions for the clinical and environmental strains, and analysis in agarose gels revealed that 13 to 15% of the isolates had plasmids. The strains were tested for production of Kanagawa hemolysin on Wagatsuma agar, and 1.4% of environmental isolates and 23% of clinical isolates were positive. Clinical isolates from locally acquired extraintestinal infections were urease negative and Kanagawa hemolysin negative, isolates from locally acquired gastroenteritis cases were urease positive and Kanagawa negative, and isolates from traveler's diarrhea were urease negative and Kanagawa positive. Eight percent of the local environmental isolates were also urease positive and Kanagawa hemolysin negative. These findings suggest that expression of the Kanagawa hemolysin is not essential for the pathogenesis of V. parahaemolyticus infections. In addition, our findings suggest that V. parahaemolyticus gastroenteritis in the Pacific Northwest is associated with a urease-positive, Kanagawa-negative biotype of the organism.
Vibrio parahaemolyticus is associated with seafood-related gastroenteritis (1, 13) and with extraintestinal infections acquired during exposure to marine environments (2, 13) . We recently reported that this organism is commonly found in estuarine environments in the Pacific Northwest during the summer months and that infections due to V. parahaemolyticus were more common than previously recognized in this area. In addition, the occurrence of V. parahaemolyticus infections was closely associated with the presence of the organism in the environment (9) . The present studies were undertaken to compare the biochemical characteristics, Kanagawa hemolysin reactions, and plasmid profiles of clinical and environmental V. parahaemolyticus isolates.
MATERIALS AND METHODS V. parahaemolyticus strains. A total of 13 strains isolated from patients with diarrhea or wound infections (9) and 221 strains isolated from estuarine water samples (9) or oysters (8) were analyzed in the present studies. The strains were tested immediately after isolation or after storage at -80°C in glycerol-dimethyl sulfoxide. Control strains studied included NCTC 10886 (Kanagawa positive) and NCTC 10884 (Kanagawa negative).
Biochemical tests. Biochemical characteristics of V. parahaemolyticus strains were determined by using classical biochemical tests according to standard methods (3). Salt requirements were determined by inoculating the strains into nutrient broth containing 0, 3, or 10% NaCl. Other tests
Voges-Proskauer; salicin, sucrose, and arabinose fermentation; arginine dihydrolase; lysine and ornithine decarboxylase; esculin hydrolysis; urease; lipase; indole; and DNase. All reactions were recorded after 24 h of incubation at 35°C. Kanagawa hemolysin testing. Wagatsuma agar (12, 15) containing human or horse erythrocytes was inoculated with * Corresponding author. a 0.001-ml spot of a 0.5 McFarland standardized suspension of each V. parahaemolyticus strain to be tested. Each plate was also inoculated with Kanagawa-positive and -negative control strains. The plates were incubated overnight at 35°C, and positive reactions were recorded as a zone of beta hemolysis surrounding the spot of growth on the human blood plate but not on the horse blood plate. Hemolysis on both media was considered a nonspecific reaction. In all tests, the positive-control strain produced a beta-hemolytic reaction on medium containing human blood but not on medium containing horse blood, and the negative-control strain was nonhemolytic on both media.
Plasmid profile analysis. Plasmid analysis was done as described by Tomkins (14) . Briefly, each strain to be tested was grown overnight in 10 ml of heart infusion broth at 35°C in a water bath shaker. The bacteria in 1.5 ml of the culture were harvested by centrifugation and suspended in Tris-EDTA buffer. The organisms were lysed in 1% sodium dodecyl sulfate, and chromosomal DNA was precipitated by the addition of 5 M potassium acetate. RNA was digested with RNase T1. The resulting preparation was deproteinized by treatment with chloroform-isoamyl alcohol, and the plasmid DNA was precipitated in 95% ethanol. The precipitated DNA was collected by centrifugation and dried under a vacuum. The plasmid DNA was then suspended in water and electrophoresed overnight at 20 V in a 0.7% agarose gel. A 1-kilobase-ladder nucleic acid molecular weight standard (Bethesda Research Laboratories, Inc.) was included in each gel for estimating the molecular weights of the plasmids. After being stained with ethidium bromide, the plasmids were visualized on a UV transilluminator (Photodyne), and the gels were photographed by using a Polaroid MP4 system.
RESULTS
Biochemical characteristics. The expected biochemical reactions (3) and the reactions of the clinical and environmental V. parahaemolyticus isolates are presented in Table 1 . The biochemical characteristics of the strains were generally as expected. All of the isolates required salt for growth, nearly all were lysine positive and arginine negative, and most were salicin and sucrose negative but arabinose positive. The environmental and clinical isolates were less often ornithine decarboxylase positive than predicted, and the clinical isolates were more often urease positive than predicted. Of the clinical isolates, all those from patients with diarrhea acquired locally in British Columbia were urease positive (Table 2 ), but none of the isolates from locally acquired wound infections or from traveler's diarrhea were urease positive. Kanagawa hemolysin reactions. A total of 6 isolates were positive in the Kanagawa hemolysin assay, none produced nonspecific hemolysis, and 228 were nonhemolytic. Of the latter strains, 15 (including 14 environmental isolates and 1 clinical isolate) had scant hemolysis under the growth, but these reactions were clearly different from that of the posi- 27, 1989 on September 20, 2017 by guest http://jcm.asm.org/ Downloaded from ical characteristics of our clinical isolates are similar to the previously published findings except for the urease and ornithine reactions. In addition, the characteristics of the large number of environmental isolates studied in the present evaluation closely resemble the previously published findings except for the ornithine reaction, which was less often positive in the present studies.
Previous studies have demonstrated that V. parahaemolyticus strains may have plasmids (5), and one study demonstrated plasmids in Kanagawa hemolysin-positive isolates (4). Our studies suggest that plasmids are not commonly found in V. parahaemolyticus and that their presence does not correlate with Kanagawa hemolysin activity. Also, plasmids were not found in a large enough percentage of clinical and environmental isolates to be useful for tracing the possible environmental origins of the clinical isolates. Future studies will assess the utility of restriction endonuclease mapping of chromosomal DNA for these analyses.
Kanagawa hemolysin activity has been associated with the pathogenesis of V. parahaemolyticus gastroenteritis on the basis of the observation that most isolates from patients with diarrhea are positive, while most environmental isolates are negative (12) . However, the association of Kanagawa hemolysin with pathogenesis has never been proven, and recent studies suggest that Kanagawa-negative strains may be associated with significant gastrointestinal infections (6) . An extraintestinal infection due to a Kanagawa hemolysinnegative V. parahaemolyticus strain has also been reported (7) . In our studies, all strains from locally acquired V. parahaemolyticus enteric and extraintestinal infections were Kanagawa hemolysin negative, and only isolates from infections acquired in tropical areas were positive. These results suggest that production of the Kanagawa hemolysin is not required for pathogenesis of V. parahaemolyticus infections and that strains of the organism associated with human infections in the Pacific Northwest are often Kanagawa negative.
Until recently, urease-positive strains of V. parahaemolyticus were rarely associated with human infections. However, a case of gastroenteritis due to a urease-positive strain of the organism was reported in 1982 (11) , and an oyster-associated outbreak of gastroenteritis due to ureasepositive V. parahaemolyticus was reported in Washington state in 1984 (10) . In the present study, all of the locally acquired enteric infections encountered were associated with urease-positive strains of V. parahaemolyticus, while isolates from cases of traveler's diarrhea were all urease negative. In addition, all of the locally acquired extraintestinal infections were associated with urease-negative V. parahaemolyticus strains. Our findings suggest that ureasepositive strains are now the predominant form of V. parahaemolyticus associated with gastroenteritis in the Pacific Northwest. The origin of these strains is unknown, but our environmental studies indicate that urease-positive V. parahaemolyticus strains are found in estuarine water samples. It is tempting to speculate that the acquisition of a plasmid accounted for the urease-positive characteristic, but no single plasmid was associated with urease production in the present studies, and more than 50% of the urease-positive strains did not have plasmids.
In conclusion, our findings indicate that clinical and environmental isolates of V. parahaemolyticus from the Pacific Northwest have similar biochemical characteristics and that similar percentages of the isolates harbor plasmids that are mainly unique to each strain. Locally acquired infections were entirely associated with Kanagawa hemolysin-negative V. parahaemolyticus strains, and locally acquired gastroenteritis cases were associated with urease-positive strains. These findings suggest that production of the Kanagawa hemolysin is not required for pathogenesis of V. parahaemolyticus infections and that V. parahaemolyticus gastroenteritis acquired in the Pacific Northwest may be associated with a Kanagawa-negative, urease-positive biotype of the organism.
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